High levels of spectacle independence were achieved at all distances including intermediate distance.
INTRODUCTION

I
n the last few decades, cataract surgery and intraocular lenses (IOLs) have developed considerably to offer patients the best visual outcomes and better quality of life with fewer adverse effects. During this period, numerous designs of multifocal IOLs have been developed including refractive, diffractive, refractive-diffractive and apodized-diffractive multifocal IOLs, with the aim to provide optimal visual function and spectacle independence at various distances. Previous multifocal IOLs are known to generate a decrease in contrast sensitivity as well as disabling photic phenomena like halos and glare [1] . Manufacturers have sought to improve IOL designs to overcome these limitations while maximizing visual outcomes. Changes in angulation, addition of aspheric and apodized surfaces are among these improvements that have resulted in better contrast sensitivity and less visual disturbances [2] . The most important benefit of multifocal IOLs is the ability to restore near vision function in cataract patients. Studies have reported that patients' quality of life can be significantly reduced owing to the loss of reading ability [3] [4] [5] . Some multifocal IOLs have added powers ranging from 3.5 to 4.5 diopters (D) to provide excellent near visual acuity on the usual reading distance of 0.3 m. However, with the rise in computer use, there has been increased emphasis on intermediate vision. To achieve spectacle independence when performing intermediate tasks, multifocal IOLs with lower addition powers have been developed. Studies have shown that these IOLs with lower addition can provide satisfactory visual acuity at both near and intermediate distances [6] [7] . Optiflex MO/HF D012 (Moss Vision Inc. Ltd, London, UK) is a new generation multifocal IOL, which has a diffractive step design and an aspheric optic to minimize photic phenomena and to provide optimal visual outcomes without impairing contrast sensitivity. The addition power is low (+3.00) to achieve patient satisfaction in both intermediate and near tasks. Electronic medical records of patients bilaterally implanted with the study IOL were retrospectively reviewed and data from preoperative and postoperative assessments were collected and analyzed. All included patients were followed for 6mo at regular intervals (1wk; 1, 3 and 6mo). Data collected from preoperative assessments included: uncorrected distance visual acuity (UDVA) and corrected distance visual acuity (CDVA) tested with ETDRS charts at 4 m, refractive status as manifest spherical equivalent (MSE; value of the sphere plus one-half of the value of the cylinder) and optical biometry measurements. Biometry was performed with IOL Master (Carl Zeiss). Manual immersion biometry (Nidek, Japan) was utilized in eyes in which IOL master could not be performed because of the presence of a dense cataract. The IOL power was calculated with SRK-T formula (A-constant: 118.5) in eyes with an axial length (AL) of 22 to 24 mm. The Hoffer Q formula (pACD=5.61) was used in eyes with a shorter AL (<22 mm), and Holladay 2 formula (ACD constant=5.607) was used in eyes with a longer AL (>24 mm). Data collected from postoperative assessments included: UDVA and CDVA with ETDRS chart at 4 m, uncorrected near visual acuity (UNVA) and distance corrected near visual acuity (CNVA) with the Jaeger chart at 40 cm, uncorrected intermediate visual acuity (UIVA) and distance corrected intermediate visual acuity (CIVA) with ETDRS chart at 80 cm (converted to Jaeger) and refractive status as MSE. High contrast (100%) and low contrast (10%) visual acuities measured with ETDRS chart at 100 cm with distance correction under 85 cd/m 2 luminance were also recorded.
In addition, adverse events, subjective patient symptoms (halos, glare), spectacle independence and visual function questionnaire (VFQ-25; scale from 1 to 100, with 100 being the best score) scores at the end of 6mo were noted. Exclusion criteria were history of diabetes, preexisting retinal disease or ocular pathology and previous ocular surgery. Patients with incomplete data were also excluded from the study.
Intraocular Lens
The Optiflex MO/HF-DO12 multifocal IOL ( Figure 1 ) is a single piece, diffractive-refractive, 360-degree square edge IOL with an aspheric optic. The lens has a 6.0 mm optic and an overall size of 12.5 mm and is made from hydrophobic acrylic material containing a natural yellow chromophore. The IOL is designed to be implanted in the capsular bag and is available in a diopter range from +10.00 D to +30.00 D in steps of 0.5 D with +3.00 D addition power. IOL uses apodization, diffraction, and refraction. The apodized diffractive region is within the central 3.75 mm optic zone of the IOL. This area comprises 9 concentric steps of gradually decreasing height, creating multifocality from distance to near (2 foci). The refractive part of the optic surrounds the apodized diffractive region. This area directs light to a distant focal point with larger pupil diameters and is dedicated to vision at distance. Statistical Analysis Statistical analysis was performed using Statistica (Version 12, Dell Systems, USA). Initially, summary descriptive statistics were produced for all the key variables of the study, including the mean, variance, standard deviation and standard error, median, mode and inter-quartile range. A Box-Whisker plot was also produced using the latter range. The sample data for all variables were examined for normality using a probability plot and a formal test of statistical significance was carried out using the Schapiro-Wilk test. Based on the assumption of normality, a 95% confidence/ fiducial limit was computed.
For normal data, means were compared within the group using ANOVA repeated-measures. For non-normal data, a logarithmic transformation was used to meet the requirements of ANOVA. If this transformation was not successful, a nonparametric test was used to compare the medians of the variables. The preferred test was the Friedmann test. RESULTS Forty eyes of 20 patients who underwent cataract surgery with bilateral implantation of the study IOL were included. The study population had an equal distribution of gender (10 females, 10 males). The average age of the study population was 66.7±8.5y (range 53-82).
Visual Acuity Visual acuity results of the study group are summarized in Table 1 . Uncorrected Distance Visual Acuity UDVA remained stable through 6mo with no statistical difference through visits (P>0.05) (Figure 2A ). At the 6-month visit, 59% of the patients had 20/25 or better UDVA. Corrected Distance Visual Acuity Statistically significant improvement (P=0.0000) in preoperative CDVA was observed at every postoperative visit ( Figure 2B ). At the 6-month visit, mean CDVA was 0.04±0.06 logMAR (20/22 Snellen) and there was a significant improvement of 4 lines on average from the preoperative visit. At 6mo, 90% of the patients had 20/25 or better CDVA.
Uncorrected Near Visual Acuity and Distance Corrected Near Visual Acuity
The mean UNVA at 6-month visit was J-4 with no significant differences through postoperative visits (P>0.05) ( Figure 3A) . Mean CNVA at 6mo was J-3 and it also remained stable with no statistically significant differences through follow up ( Figure 3B ). Uncorrected Intermediate Visual Acuity and Distance Corrected Intermediate Visual Acuity Mean postoperative UIVA was J-3 and CIVA was J-2 at 6mo. No significant differences (P>0.05) were found in either UIVA ( Figure 4A ) or CIVA ( Figure 4B ) through postoperative visits. Refraction There was significant reduction (P<0.05) in MSE in all postoperative visits when compared to the preoperative visit ( Figure 5 ). At the end of 6mo mean MSE was -0.14±0.42. The mean target refraction was -0.004±0.10 (range: -0.28-0.16, median: 0.11). At 6mo, 92% of eyes were within 0.50 D of targeted refraction, 98% were within 1.00 D and all eyes were within 1.50 D. Contrast Sensitivity Contrast sensitivity outcome is presented in Table 2 . There was an improvement which did not reach significance (P=0.09) in high contrast (100%) visual acuity with an average improvement of 4 letters at 6mo visit compared to 1mo ( Figure 6A ). Low contrast (10%) visual acuity remained stable (P=0.54) through follow up with a mean of 0.35±0.17 logMAR at 6mo visit ( Figure 6B ). There were no reported adverse events during follow up. None of the patients reported halos or glare. The overall spectacle independence rate of the study population was 90% (18/20 [8] [9] [10] [11] [12] . Contrast sensitivity tends to be impaired and glare disability is frequently cited with older versions of both diffractive and refractive multifocal IOLs [9] [10] [11] [12] . independence and no adverse effects. The mean UDVA was 0.19±0.19 (20/30) among the study group. This result was comparable to the mean monocular UDVA of 0.11±0.003 logMAR among 24 studies of 5570 eyes with cataract cited by Rosen et al [13] in a recent Meta-analysis of peer-reviewed studies involving implantation of a multifocal IOL. Gil et al [14] reported similar UDVA results at postoperative 3mo with 4 different multifocal IOLs: 0.04±0.08 with ReZoom NXG, 0.11±0.09 with ReSTOR +3.00, 0.14±0.11 with ReSTOR +4.00 and 0.12±0.08 with Tecnis ZMA00. In Rosen et al [13] 's Metaanalysis, the mean percentage of multifocal IOL-implanted eyes achieving a monocular UDVA of 0.30 logMAR (20/40) or better was 95.7%, based on 31 studies that reported this outcome for 3826 eyes. In our study 85% of the eyes achieved 20/40 or better UDVA at the end of 6mo after IOL implantation. Nevertheless, none of our patients required spectacles for distance vision. Recently, the performance of intermediate distance tasks, such as computer work, has become increasingly important. Intermediate distances have often been considered a weakness for multifocal IOLs which create two or more focal points for distance and near. IOL manufacturers have sought to address this problem by introducing low-add multifocal IOLs which are designed to provide better intermediate vision without compromise in near or distance visual acuity. In a recent multicentre study with one of the latest low-add multifocal IOLs (Tecnis ZKB00), it was reported that the near add of +2.75 D still reached satisfying near results and led to high patient satisfaction for intermediate visual acuity [15] . Another study comparing the visual outcomes of a +3.00 D and a +4.00 D IOL found that the UIVA was significantly better in the +3.00 D IOL group than in the +4.00 D IOL group at 40, 50, 60 and 70 cm testing distances [16] . The Optiflex MO/HF-DO12 IOL has a +3.00 D add power at the IOL plane, equivalent to approximately 2.40 D at the spectacle plane, enabling the IOL to provide good visual acuity at intermediate distance which is suitable for using computers and electronic devices like tablets [4] . The mean UIVA at the end of 6mo was J-3 in our study, which was comparable to those results achieved with other multifocal IOLs with low addition power [17] [18] . None of the patients in the current series needed spectacles for intermediate tasks.
A new diffractive multifocal intraocular lens
While obtaining satisfactory distance and intermediate vision, near visual acuity was not compromised with a mean UNVA of J-4 at 6mo. Only two of our patients whose ages were 71 and 74y needed spectacles for reading. This result was comparable with other studies using multifocal IOLs with higher addition powers [19] [20] [21] . Refractive outcome was also good: at 6mo, 92% of the study eyes were within 0.50 D of target refraction and 98% were within 1.00 D. A significant reduction in preoperative MSE was observed with a mean MSE of 0.14±0.42 D at the end of follow up. These results were congruent with previous studies with different kinds of new generation multifocal IOLs [19] [20] 22] . Although refractive outcome is satisfactory in most studies, corrective secondary procedures may be needed as reported in a study by Altaie et al [22] with Acrysof ReSTOR +4.00 addition, in which 4.4% of the subjects underwent subsequent LASIK correction to reduce residual refractive error.
In the current study, contrast sensitivity outcome was considered satisfactory, as low (10%) contrast visual acuity remained stable across the postoperative period with a mean of 0.35 logMAR at last visit. Li et al [23] assessed the contrast sensitivity outcome of an aspheric multifocal IOL (AcrySof ReSTOR SN6AD) with a similar method to the current study. They reported a mean low contrast (10%) visual acuity of 0.48 logMAR. Ang et al [24] reported monocular low contrast intermediate visual acuities of 0.36 and 0.39 logMAR with Restor +3.00 and Tecnis Multifocal respectively. Our finding was comparable to these previous studies with other new generation multifocal IOLs.
One of the most important benefits of multifocal IOLs for cataract patients is spectacle independence in their daily activities. In our study, none of our patients required spectacles for distance or intermediate vision. Overall spectacle independence rate of our study group was 90% which is in accordance with many studies with other diffractive or refractive multifocal IOLs reporting rates ranging between 76.9% and 100% [19] [20] [21] [22] [25] [26] [27] . In a recent study by Kim et al [4] reporting clinical outcomes of a diffractive multifocal IOL with varying powers of addition (+2.75, +3.25 and +4.00), the highest spectacle independence rate (87%) and overall patient satisfaction was achieved with the lowest addition (+2.75 D). This result may reflect an advantage of low addition which we have also observed in our series. In our study group, none of the patients reported halo or glare symptoms. Several recent studies have shown that such visual disturbances are more severe with multifocal IOLs, and refractive models in particular [28] [29] . Other studies have shown that halo and glare symptoms are reduced with diffractive multifocal IOLs compared to refractive multifocal IOLs [30] [31] . Additionally, these symptoms tend to be less frequent in patients with lower addition multifocal IOLs such as the study IOL, due to the use of fewer and wider concentric diffractive rings [4] . In their Meta-analysis, Rosen et al [13] reported overall patient satisfaction ratings ranging from 61.8% to 100%. They also stated that dissatisfaction was related to blurred vision or photic phenomena associated with residual ametropia, posterior capsular opacification, large pupil size and dry eye.
In a multicentre study with a low-add (AcrySof IQ ReSTOR SN6AD1, +3.00 addition) IOL, patient satisfaction was assessed with a questionnaire consisting of questions on visual disturbances and lifestyle activities and a mean score of 8.3±1.6 (out of 10) was reported [32] . In our study, a comparable score of 93.5±6.12 (out of 100) was found with the VFQ-25 questionnaire at the 6-month postoperative visit, reflecting a high level of patient satisfaction. The current study has several limitations. First, this study is retrospective and without a control group. Second, it is a small case series with a limited follow up. These factors dramatically limit the conclusions that can be drawn from our data. Despite this, the encouraging results suggest that better outcomes may be achieved with greater experience. In conclusion, Optiflex MO/HF-DO12 IOL with low add power (+3.00 D) provided effective restoration of visual acuity at far, near and intermediate distances without compromising contrast sensitivity. High levels of spectacle independence and patient satisfaction were achieved. The IOL was shown to be safe and well tolerated by the ocular tissues as there were no reported adverse events or complications during the 6-month follow-up. Further long-term studies with a larger sample of patients should be performed to confirm the outcomes observed in this investigation with the Optiflex MO/HF-DO12 IOL.
